The host defense mechanisms are not well developed in neonates. The aim of this study was to evaluate the dynamics of microbial colonization of the oral cavity in newborns. Eighty-one samples of the oral microbiota were obtained from 51 healthy newborns 10 min to 53 h after birth by gently rubbing sterile swabs onto the surface of the tongue, cheek mucosa, alveolar process and palate. After microbiological processing, counting of the colony forming units of streptococci, staphylococci and Gram-negative aerobic bacilli was performed. Between 10 min and 8 h, Staphylococcus epidermidis was detected in 30.7% of the samples; between 8 and 16 h, S. epidermidis was detected in 69.5% of the samples and streptococci in 56.5% of the samples; between 16 and 24 h, S. epidermidis, streptococci and S. aureus were detected in 77.78%, 85.18% and 37.03% of the samples, respectively. Between 24 and 53 h, S. epidermidis was detected in 88.89%, streptococci in 94.4% and S. aureus in 33.3% of the samples. Mutans streptococci were not detected in any of the samples. The adoption of strict hygienic measures by the mother and the nursing staff should be emphasized to avoid or at least delay the occurrence of infections caused by microorganisms in newborns. In addition, hospital procedures must be aseptic and invasive interventions must be minimized.
Introduction
Most bacterial infections in neonates are usually acquired during or immediately after delivery (1) . The host defense mechanisms in neonates are not well developed at the moment of birth and some commensals may become opportunistic pathogens, particularly in compromised babies who stay in the hospital for treatment of congenital abnormalities (1) (2) (3) (4) (5) . Premature infants in neonatal intensive care units (NICU) (6) and those undergoing invasive life-saving medical interventions are at greater risk of developing infection (7) .
Vaginal delivery inevitably results in exposure of the newborn to the normal maternal genital tract microflora (8) . Although the newborn's oral cavity is usually free microorganisms (9, 10) , colonization begins within a few hours after birth with microorganisms from the mother, nurses and sometimes from the environment (10) . At birth and during the first months of life, the oral mucosa surfaces of babies can provide niches for bacterial colonization (3) . It has been demonstrated that 8 days after birth, there is considerable variability in oral bacteria, and both aerobes (9) and anaerobes (11) can be detected in the oral cavity. The Gram-positive bacterial commensal Streptococcus salivarius is a pioneer colonizer of the human oral cavity (1, 10) , being detected from 8 h after birth (1) . Large populations persist at this site for the host's lifetime (9, 12) , and this bacterial species represents up to 98% of the total oral microbiota until the eruption of teeth (13) .
The metabolic activity of pioneer species alters the oral environment, providing acceptable conditions for colonization by other microbial species (10) . Before tooth eruption, aerobic microorganisms (streptococci and staphylococci) are prevalent in the oral microbiota, with predominance of facultative microorganisms (14) . Interventions sustaining those who are hospitalized can result serious infections due to common nosocomial pathogens, particularly coagulase-negative staphylococci bacteria (CoNS) (7) . Staphylococcus aureus (2, 4) , a coagulase-positive staphylococci bacterium, and S. epidermidis (5), a coagulase-negative staphylococci bacterium, are the most common cause of nosocomial infections in newborns, resulting in considerable morbidity and mortality (15) .
Different mutans streptococci species may cause of several pathologies. Streptococcus mutans and S. sobrinus, for example, are important species associated with dental caries (16) and colonize the oral cavity after tooth eruption. However, S. salivarius is present naturally on the tongue and cheek mucosa because it has a unique ability to adhere to these surfaces (17) . S. sanguinis colonization in infants occurs during a small "window of infectivity" around the age of 9 months. This colonization is tooth-dependent and is associated with the time of tooth emergence, but the levels of S. sanguinis decrease after mutans streptococci colonization (18) .
The objective of this study was to assess when and which microorganisms can be detected between 10 min and 53 h after birth in samples from the oral cavity of newborns at a nursery in a university hospital.
Material and Methods
Eighty-one samples of the oral microbiota were obtained from 51 newborns (32 males and 19 females) after granting written parental consent and authorization from the Head of the Department of Pediatrics, in a university hospital.
Newborns of mothers who had no complications during pregnancy were selected, regardless of the form of delivery (vaginal or caesarean section). Only healthy newborns delivered at term, with appropriate weight for the gestational age and who were not under medication participated in this study. All newborns were under continued exclusive breast-feeding.
Bacterial samples for microbiological analysis were collected from the neonates in the birthing room within 10 min to 53 h after birth by gently rubbing the surface of tongue, cheek mucosa, alveolar process and palate with sterile swabs. Immediately after sample collection, the swabs were stored in sterile test tubes containing 1 mL of phosphate buffered saline (PBS). Samples were grown on Mitis Salivarius (MS) (Difco, Detroit, MI, USA) agar in 10x60 mm Petri dishes and on modified SB-20 (SB-20M) (19) , Agar Ni and Mac Conkey (MC) (Difco) culture media in 20x100 mm Petri dishes.
Using a sterile pipette, 0.05 mL of each sample was collected and spread onto the MS agar surface using a sterile bent glass rod as the spreading device. Then, 0.50 mL of each sample was subjected to serial decimal dilutions of up to 10 -4 in PBS, and 0.05 mL of the resulting dilutions was sown on the MS agar surface. After seeding, the Petri dishes were incubated in anaerobic jars using the candle flame method at 37 °C for 48 h.
In the SB-20M medium, the samples were directly inoculated with cotton swabs, providing 5 samples per dish and the Petri dishes were incubated in anaerobic jars using the candle flame method at 37 °C for 48 h. Also, other 5 samples per dish were seeded in the MC and Ni media. The Ni dishes were incubated at 37 °C for 48 h and the MC dishes were incubated at 37°C for 24 h.
After the incubation period, the number of colony forming units (cfu) of total streptococci (viridans) in the MS medium, mutans streptococci in the SB-20M medium, S. aureus and S. epidermidis in the Ni medium, and Gramnegative aerobes in the MC medium were counted with a stereoscopic microscope.
Results
Between 10 min and 8 h after birth, S. epidermidis was detected in 4 of the 13 samples. In the other 9 samples, there was no bacterial growth until 8 h (Table 1) .
Between 8 h and 16 h after birth, 13 of the 23 samples showed growth of streptococci, ranging from 40 to 3,800,000 cfu. S. epidermidis was detected in 16 samples, and only 1 sample showed growth of Gram-negative aerobic bacilli. Five samples did not show bacterial growth (Table 2) .
Between 16 h and 24 h after birth, 23 of the 27 samples showed growth of streptococci, ranging from 20 to 52,200,000 cfu. Ten samples showed growth of S. aureus, and 21 samples showed growth of S. epidermidis. Gram-negative aerobic bacilli were detected in only 1 sample. Only 1 sample showed absence of bacterial growth (Table 3) .
Between 24 h and 53 h after birth, all samples presented bacterial growth. Seventeen of the 18 samples showed growth of streptococci, ranging from 100 to 70,200,000 cfu. Sixteen samples showed growth of S. epidermidis and 6 samples showed growth of S. aureus. Gram-negative aerobic bacilli were found in 2 samples (Table 4) .
Mutans streptococci were not detected in any of the 81 samples analyzed, regardless of time after birth. 
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Discussion
Identification of the indigenous oral microbiota is complicated because the individual may have had contact with different types of microorganisms. The presence of these microorganisms may be transient in the oral cavity, depending on the conditions encountered during their metabolism and growth (9) .
Previous studies have reported that the oral cavity of children is sterile until 10 h (14) and 24 h (9) after birth and other findings point to an increase in the number of viable microorganisms between 6 and 10 h after birth (14) . In the present study, only 30,7% of the samples showed bacterial growth between 10 min and 8 h after birth.
Silva et al. (4) identified S. aureus in the nostrils, mouth and anus of 49% of newborns. In this study, between 16 and 24 h after birth, S. aureus were present in 37.03% of the samples, and after 53 h of life, S. aureus were present in 33.3% of the samples, thereby showing a considerable risk of early infection. According to Zdrazílek et al. (2), S. aureus frequently colonize nipples and are regularly found in the umbilical stump and in eye and mouth corners of babies. Therefore, mothers should be instructed to wash their hands and then the nipples prior to breast-feeding to delay the colonization of S. aureus in newborns, who have immature immune systems. Although it is likely that the transmission of microorganisms may occur from the mother to the newborn, the microorganisms may also be transmitted via the hands of the nursing staff (20) and use of indwelling vascular catheters, high-calorie hyperalimentation infusions, and assisted ventilation (21) .
The analysis of oral samples from 51 newborns at 1 and 8 days after birth revealed that approximately half of the children presented very low staphylococci levels (9) . In this study, S. aureus, a pathogenic species, was detected in approximately 19.8% of the samples from newborns, possibly due to the contamination of the oral cavity by extrinsic sources, such as the attendants (8) .
In the present study, S. epidermidis was the first microorganism to colonize newborn's oral cavity between 10 min and 8 h (30.7%) after birth, and the counts of this microorganism increased by approximately 90% after 53 h of neonatal life. According to Van Mellaert et al. (5), S. epidermidis, previously considered a human commensal, are now regarded as a frequent cause of nosocomial infections and the most common cause of device-related infections. Thus, early and intense infection caused by this microorganism in the first hours of life can be dangerous. Preventive hygienic measures should be strengthened and encouraged.
During the first year of life, streptococci, staphylococci, neisseria, lactobacilli, veillonella (9), actinomyces and fusobacteria (10) are the most prevalent microorganisms in the oral cavity of the infant (9) . In this study, the most prevalent genera in the samples tested were streptococci in approximately 65.4% of the samples and staphylococci in approximately 75.3% of the samples. The present results agree with those of McCarthy et al. (9) , demonstrating that streptococci make up 98% of the total bacteria in the first and second day of life. Streptococcus mitis biovar 1 and Streptococcus oralis were also detected in the oral cavity of newborns until 3 days after birth (22) . S. mitis is considered as the major component of the oral streptococcal flora in infants at the end of the first year of life (12) .
There is controversy regarding the colonization of the oral cavity in newborns by S. mutans. Some authors report that newborns (12, 23) do not harbor S. mutans on their mucous membranes, whereas there is a report demonstrating that S. mutans can be detected in children as young as 2 months old (24) and at 3 months of age (25) , prior to tooth eruption (25) . In the present study, S. mutans were not detected in the samples, and this result is in agreement with the several reports in the literature (12, 23) .
The extent to which perinatal events influence the acquisition of indigenous microorganisms in the oral cavity remains unclear. Additional studies on the natural history of these indigenous microorganisms may provide general information on the indigenous biota. However, early colonization of newborn's oral cavity by many bacterial species in those who have immature immune systems can predispose them to a disease.
In conclusion, the number of bacterial species in the oral cavity of neonates increased over time. Streptococci and S. epidermidis were detected in nearly all samples in the evaluated time spam. S. aureus was detected in onethird of the samples, and the number of samples without any evidence of bacteria decreased from 69.3% in the first period of evaluation (between 10 min and 8 h after birth) to 0% in the last period of evaluation (between 24 and 53 h after birth). The adoption of strict hygienic measures by the mother and the nursing staff should be emphasized to delay the occurrence of infections caused by microorganisms in newborns. In addition, hospital procedures must be aseptic and invasive interventions must be minimized as much as possible.
Resumo
Os mecanismos de defesa do hospedeiro não estão bem desenvolvidos em neonatos. O objetivo deste estudo foi avaliar a dinâmica da colonização microbiana da cavidade oral em recém-nascidos. Oitenta e uma amostras da microbiota oral foram obtidas a partir de 51 recém-nascidos saudáveis, entre 10 min e 53 h após o nascimento, esfregando-se, suavemente, cotonetes esterilizados sobre a superfície da língua, mucosa bucal, processo alveolar e palato. Após o processamento microbiológico foi realizada a contagem de unidades formadoras de colônias de estreptococos, estafilococos e bacilos aeróbios Gram-negativos. Entre 10 min e 8 h, Staphylococcus epidermidis foram detectados em 30,7% das amostras;
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entre 8 e 16 h, S. epidermidis foram detectados em 69,5% das amostras e streptococci foram detectados em 56,5% das amostras. Entre 16 e 24 h, S. epidermidis, streptococci e S. aureus foram detectados em 77,78%, 85,18% e 37,03% das amostras, respectivamente. Entre 24 e 53 h, S. epidermidis foram detectados em 88,89% das amostras, streptococci em 94,4% e S. aureus em 33,3% das amostras. S. mutans não foram encontrados em nenhuma amostra. A adoção de medidas de higiene rigorosas por parte da mãe e da equipe de enfermagem deve ser enfatizada para evitar ou pelo menos retardar a ocorrência de infecções causadas por microorganismos em recém-nascidos. Adicionalmente, procedimentos hospitalares devem ser assépticos e intervenções invasivas devem ser minimizadas.
